It has been shown by 1 H and 13 C NMR spectroscopy that 2-mercaptobenzoylhydrazones of aliphatic and aromatic aldehydes exist in solution as tautomeric mixtures of linear and cyclic benzo-1,3,4-thiadiazepine forms. The linear hydrazone form is represented by (E,E')-and (E,Z')-conformational isomers, differing in the disposition relative to the amide C-N bond. Growing bulk of the alkyl substituent at the C=N bond of the aliphatic aldehydes derivatives decreases the fraction of the cyclic tautomer; therewith the logarithms of the constants of the chain-ring tautomeric equilibrium correlate with the E S steric constants of the alkyl substituents. In the series of the aromatic aldehydes 2-mercaptobenzoylhydrazones the linear tautomer prevails, and the logarithms of the tautomeric equilibrium constants K T correlate with the σ-constants of the substituents in the aromatic nucleus.
Introduction
The tendency of functionally-substituted hydrazones to undergo intramolecular cyclization at the polar C=N bond of the hydrazone fragment is commonly used in the synthesis of five-and six-membered heterocycles [1] [2] [3] . This reaction is sometimes reversible, which leads to the coexistence of the hydrazone and cyclic forms as their tautomeric mixture in solution [4] [5] [6] . Thus, the 2-mercaptobenzoylhydrazone of acetone transforms in solution to the alternative 1,3,4-benzothiadiazepine form [7] . We note that the hydrazones obtained using the hydrazides of 2-hydroxy-and 2-aminobenzoic acids have linear structure. The possible cyclization at the C=N bond by attack of the available OH or NH functions does not occur [8] [9] .
The aim of the present work, being a continuation of the previous investigations, was to study the structure of the products of condensation of 2-mercaptobenzoic acid hydrazide (2-HSC 6 H 4 CONHNH 2 ) 1 with a series of aliphatic and aromatic aldehydes, and also the effect of the steric or electronic properties of a substituent in the aldehyde component on the position of the tautomeric equilibrium ( Figure 1 and Figure 2 ).
Results and Discussion
Compounds 2a-2h and 3a-3h were obtained in 55% -90% yield after briefly maintaining equimolar quantities of 2-mercaptobenzoic acid hydrazide 1 and the appropriate aldehyde during 10 -15 min in methanol solution at room temperature (Experimental part). In all experiments, the 1 H-and 13 C-NMR spectra were recorded at definite time intervals starting from the moment of dissolution until the end of transformations. In addition, the structure of the compounds under study in the crystalline state was confirmed by solid-phase high-resolution [14] . The signals of the Z'-isomer of this group are disposed at lower field than the analogous signals of the E'-isomer. An opposite value of both signals in the 1 H-NMR spectra is observed for the protons of the NHCO groups of these conformers. Taking into consideration the above-indicated it may be confirmed that the main isomer has the E,Z'-structure, and the minor isomer the E,E'-spatial disposition. 
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The position of the equilibrium AB depends on the length and branching of the alkyl substituent: the introduction of bulky groups into the aliphatic aldehyde component leads to a displacement of the ring-chain equilibrium to the side of the 2-mercaptobenzoylhydrazone form A (Table 1 ). A linear correlation is then observed between the logarithms of the tautomeric equilibrium constants K T and the Taft E S constant [15] , [16] , [17] . The use of the Palm steric constants E S° [18] improves the correlation (Table 2 and Figure 1 ).
By an example of compound 2h we explored the effect of solvent on the tautomeric equilibrium (Table 3 ). In crystalline state compound exist as benzo-1,3,4-thiadiazepine B. This proofs to be true because in its solid-phase 13 C-NMR spectrum sp 3 -hybridized atom C-2 at 84.56 ppm is present (Experimental part).
In low-polar CDCl 3 about 70% of cyclic benzo-1,3,4-thiadiazepine form was detected. In going to basic dipolar solvents such as DMSOd 6 and DMFd 7 the domination of the linear form A was favored.
Thus the condensation products of aliphatic aldehydes with 2-mercaptoben- A. Y. Ershov et al.
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In the 1 H-NMR spectra of solutions in DMSOd 6 of all the synthesized compounds 3a-3h there were signals corresponding both to the linear A and to the cyclic benzo-1,3,4-thiadiazepine B tautomeric forms. The signals of the linear 2-mercaptobenzoylhydrazone tautomer A were doubled in the spectra (Table 4) . The observed doubling of the signals of the linear form A in the 1 H-NMR spectra of compounds 3a-3h must be linked with the presence of conformational E',Z'-isomers, differing in the disposition of substituents relative to the amide C-N bond. An E, Z'-structure must therefore be attributed to the main isomer whereas E,E'-structural disposition to the minor isomer. The existence of an E,Z-configuration of isomer relative to the C=N bond was not considered by us since aldoacylhydrazones exist primarily or completely in the E-configuration relative to this bond [10] , [12] . The introduction of an electron-withdrawing substituent into the aromatic ring of the aldehyde component leads to a displacement of the ring-chain equilibrium AB to the side of the cyclic benzo-1,3,4-thiadiazepine form B, and a linear correlation is then observed between the logarithms of the tautomeric equilibrium constants K T and the Hammett σ-constant [16] [19] . The use of the σ + -constant of Brown [20] improves the correlation (Table 5 and Figure 3) . The Table 4 . Tautomeric composition of the aromatic aldehydes 2-mercaptobenzoyl-hydrazones 3a-3h in DМSОd 6 . 
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Probably in both linear forms E,E'-A and E,Z'-A identical systems of conjugation occur, reacting in the same way to the change of electronic parameters of the substituent (Table 4) . In a much greater extent the position of the tautomeric equilibrium is dependent on the nature of solvent used. This was demonstrated by the example of 4-chlorobenzoic aldehyde 2-mercaptobenzoylhydrazone 3d (Table 6 ). The openchain structure E,Z'-A of compound 3d in crystalline state was confirmed by its solid-phase 13 C-NMR spectrum: 150.74 (C=N), 166.55 (C=O) ppm (Experimental part). The same form was detected under the study of the spectrum of compound 3d taking of in CDCl 3 . In going to basic dipolar solvents such as DMSOd 6 and DMFd 7 the domination of the benzo-1,3,4-thiadiazepine form B was favored. Perhaps, its stabilization is due to the possibility of hydrogen bonds formation between the NH groups of the benzo-1,3,4-thiadiazepine ring and the polar solvent molecules.
Conclusions
Therefore, in contrast to the products of the condensation of aldehydes with the hydrazides of 2-hydroxy-and 2-aminobenzoic acids reported in the literature [8] [9], 2-mercaptobenzoylhydrazones of aliphatic and aromatic aldehydes display a tendency to cyclize to give the seven-membered 1,3,4-benzothiadiazepine A. Y. Ershov et al.
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Synthesis of 2-Mercaptobenzoylhydrazones 2 and 3 (General Procedure)
To a solution of 2-mercaptobenzohydrazide 1 (1.68 g, 10 mmol) in methanol (25 ml) an appropriate aldehyde (11 mmol) was added (for compound 2a 1.0 ml of 40% formaline was used), and the mixture was kept at room temperature for a A. Y. Ershov et al.
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OALib Journal period of 10 -15 min. The solvent was removed at a reduced pressure, and the residue was washed with ether (3 × 25 ml), filtered off, dried and recrystallizated.
Physico-chemical and spectral characteristics of compounds 2b-2f and 3a-3c, 3e-3h were described previously [23] [24]. 
Formic Aldehyde 2-Mercaptobenzoylhydrazone (2a)
Yield
2-Methylbutyric Aldehyde 2-Mercaptobenzoylhydrazone (2g)
Yield 63%, m.p. 88˚C -91˚C (benzene -hexane, 1:4). C-NMR spectrum (DMSOd 6 ): δ = form E,E'-A: 11 
Trimethylacetyc Aldehyde 2-Mercaptobenzoylhydrazone (2h)
Yield 57%, m.p. 132˚C -134˚C (benzene -hexane, 1:4). 
